Elastic charge-exchange in relativistic heavy ion collisions is responsible for the non-disruptive change of the charge state of the nuclei. We show that it can be reliably calculated within the eikonal approximation for the reaction part. The formalism is applied to the charge-pickup cross sections of 158 GeV/nucleon Pb projectiles on several targets. The relative contributions of pion-and rho-exchange are determined, using a single-particle model for the internal structure of the nuclei. The calculated cross sections are nonnegligible for heavy targets. It is shown that these cross sections can be useful to obtain information on the Gamow-Teller transition strengths of the nuclei.
I. INTRODUCTION
Heavy-ion charge-pickup reactions can help us to access useful information on betadecay transition strengths. At low energy nuclear collisions, it is well known that chargeexchange is accomplished by the proton exchange between the nuclei [1] . At intermediate energies ( ∼100 MeV/nucleon) nucleon-exchange competes with the charged meson exchange [2] . At relativistic energies ( > 1 GeV/nucleon), the charge stripping, ∆Z = −1, cross sections will have a substantial contribution from proton removal [3] , but the charge pickup, ∆Z = +1, cross section will be solely due to the charged meson exchange, mainly π ± -and ρ ± -exchange [4] . It is virtually impossible that a proton-pickup will occur at these energies. The strong absorption of heavy ions selects large impact parameters and therefore emphasizes the longest range part of the charge exchange force. Since the reaction is very peripheral, one expects that the charge-exchange process is practically determined by the participation of the valence nucleons. Therefore, these reactions should be a probe of charge exchange in a nuclear environment. A series of studies of this type has been performed theoretically and experimentally [5] [6] [7] [8] .
The charge-pickup cross sections for relativistic heavy ion collisions have recently been studied at CERN [9] [10] [11] [12] . Theoretically, little is known about these reactions. It is the aim of this paper to develop a simple description of charge-pickup reactions in relativistic heavy ion collisions in terms of what we believe to be the most important ingredients, namely the microscopic π-and ρ-exchange potentials. An eikonal approach developed in ref. [4] for charge-exchange in nucleus-nucleus scattering is used. Simple expressions are found which can be useful for estimation purposes in the planning of future experiments.
One basic assumption of our work is that the dominant process is pion and rho exchange between a projectile and a target nucleon. However, other mechanisms could also be of equal importance, i.e. N + N −→ N + ∆ followed by absorption. There has been a quite large number of measurements on spin-isospin excitations in charge-exchange ( 3 He, t) experiments at SATURNE that show the physics of these kind of processes are quite complicated.
We will not study these questions in the present paper, leaving this for a future work. But, we refer to some of the SATURNE papers [13] [14] [15] [16] for the interested reader.
In section 2 we describe the reaction mechanism and the structure ingredients of our calculation. In section 3 the dependence of the cross sections on the number of participants surface nucleons is studied in details and an application is done for the charge-pickup cross sections for 158 GeV/nucleon Pb projectiles on several targets. In section 4 the proportionality of the measured cross sections to the Gamow-Teller strengths is shown. A comparison to the results of section 3 shows that the reaction mechanism does not dependent on the structure model. In section 5 we present our conclusions.
II. RELATIVISTIC HEAVY ION CHARGE-EXCHANGE REACTIONS
Following ref. [4] , the total cross section for charge-pickup cross sections in high energy heavy ion collisions is given by
where P is the probability of one-boson-exchange at the impact parameter b and is given by
where Im χ(b) is the imaginary part of the eikonal phase. In high energy collisions the phase χ(b) will be predominantly imaginary and can be constructed from the t-matrix for nucleon-nucleon scattering [17] .
The matrix element M(m, ν, b) carries information on the nuclear structure, and is given will reduce the charge-exchange probability. Therefore, we expect that the probability given by eq. (2.2) is peaked at the grazing impact parameter.
The pion+rho exchange potential, modified so that the zero range force is corrected for an extended source function [18] , can be written as 
(2.9)
with the parameters g ′ π = 1/3, g ′ ρ = 2/3, and ξ = 0.4 [19] .
The values of the coupling constants J π and J ρ in nuclear units are given by
where f Using eq. (2.5), and single-particle wavefunctions, φ jℓm , it is straightforward to show that eq. (2.4) reduces to [4] (note that here the indexes π and ν denote the proton and the neutron wavefunctions, respectively)
Expanding e iq.r into multipoles we can write
where Ψ I ′ M ′ is also an irreducible tensor. Therefore,
The eqs. (2.11-2.14) allows one to calculate the charge-exchange between single-particle orbitals. The quantity needed is the reduced matrix element < φ
These are calculated in textbooks of nuclear structure (see, e.g., [20] ). If several orbitals contribute to the process, the respective amplitudes can be added and further on averaged in the cross sections.
III. SINGLE-PARTICLE MATRIX-ELEMENTS AND SURFACE

APPROXIMATION
The reduced matrix elements are calculated in the single-particle model for neutrons and protons. Using eq. (A.2.24) of ref. [20] one finds
where
and
In eq. (3.2), R 
where means the average over the N s participant surface nucleons, and is ρ (r) the nuclear density. To simplify, we also use ℓ = ℓ ′ = 0, so that only the spin of the nucleons are considered in the following developments. This will limit I ′ = 1, and I = 0. Thus, the relevant matrix element is
The Woods-Saxon distribution with central density ρ 0 , radius R 0 , and diffusiveness a,
gives a good description of the densities of the nuclei involved in our calculation. However, this distribution is very well described by the convolution of a hard sphere and an Yukawa function [23] . In this case, F 0 (q), can be calculated analytically [21] (R 0 = 6.62 fm , a = 0.546 fm) (to simplify the figure, we did not plot the curves for Au and Cu). In all cases we used for the Yukawa function parameter in eq. (3.6) a Y = 0.7 fm. We see that the agreement is very good. For carbon, one can use a Gaussian density, with the Gaussian parameter a = 2 3 r 2 C = 2.018 fm 2 . In this case,
A further simplification can be obtained for the factor T (b) = exp (−2 Im χ(b)) in equation (2.2). We use the "tρρ" approximation [17] , which gives
with R = (b, z) . σ N N is the nucleon-nucleon cross section at the corresponding bombarding energy, and ρ P (T ) is the projectile (target) matter density distribution. T (b) is known as the transparency function. At 158 GeV/nucleon we use σ N N = 52 mb.
The simplest parameterization for the nuclear matter densities are Gaussian functions.
the integrals in eq. (3.8) can be performed analytically. One gets
As observed by Karol [22] , for nuclei which densities well described by Woods-Saxon (3.11)
Karol [22] has shown that T (b) can be well reproduced with Gaussian fits for the nuclear densities, if the parameters in the Gaussian distributions (3.9) are given by
, k = 4(ln 5) = 6.43775... (3.13) and A is the mass number.
In figure 2 In eq. (2.4), only the transverse part of q is needed. Using in the matrix elements (2.11-2.14) it is straightforward to show that (2.3) becomes
In figure 3 we plot the charge-pickup probabilities for Pb (158 GeV/nucleon) + X (target), with X = C, Al, Cu, Sn, Au and Pb. The exchange probability is peaked at grazing impact parameters: at low impact parameters the strong absorption makes the probability small, whereas at large impact parameters it is small because of the short-range of the exchange potentials. The value of the exchange probability at the peak is about 10 −5 for Pb + Pb. As in the case studied in ref. [4] the process is dominated by π-exchange, with only a small fraction, of the order of 10%, or less, originating from the ρ exchange channel.
The probabilities are divided by the square of the number of participating nucleons.
As shown, it increases with the target mass number. The cross sections are found out to be approximately constant for bombarding energies above 10 GeV/nucleon. The reason is simple, since from eq. (2.2) we see that, apart from the factor (1/v) 2 ∼ (1/c) 2 , the only energy dependence comes from the total nucleon-nucleon cross section in the absorption factor T (b). This is approximately constant at relativistic energies.
In figure 4 we plot the total charge-pickup cross sections in Pb (158 GeV/nucleon) + X 
where we also used eq. (3.14). The Gamow-Teller matrix elements M GT are expectation values of the στ operators. I.e.,
Inserting eq. (4.1) into eqs. (2.4) and (2.2), and using the integral
we get
is the Gamow-Teller transition strength of nucleus A. A sum over final spins and average over initial spins is implicit. The function H (ν, b) is given by
This function is peaked at b = R P + R T and its width is determined by the range of the pion-exchange interaction, i.e., ∆b ∼ 1 fm.
The expression (4.4) shows the proportionality between the charge exchange probabilities and the Gamow-Teller transition strengths in relativistic heavy ion collisions. A similar relationship was obtained by Taddeucci et al. [24] for (p, n) reactions at 0 degrees for proton energies of ∼ 100 MeV. For heavy-ion reactions at 0 degrees and bombarding energies of ∼ 100 MeV, a similar relationship was also obtained by Osterfeld et al. [25] . The validity of such a proportionality depends on the factorization of the cross sections into two terms, one depending on the nuclear sizes and absorption, and the other on the nuclear structure. 
V. CONCLUSIONS
We described the charge exchange in relativistic heavy ion reactions in terms of π and ρ exchange and the eikonal approximation. We applied the formalism to the calculation of charge-pickup probabilities and cross sections for Pb (158 GeV/nucleon) + X (target), with X = C, Al, Cu, Sn, Au and Pb.
Our model yields probabilities and cross sections which are dependent on the number of participating nucleons at the nuclear surface. The cross sections for the process are not small, as seen from figure 4. Assuming, e.g., that the number of surface nucleons which can contribute to the process is of order of 10 for large systems, one gets cross sections of order of 50 mb, or more.
The calculation is useful to support the proportionality of the measured cross sections with the Gamow-Teller matrix transition strengths. These are useful nuclear structure information. However, the experiments would have to be able to distinguish these "elastic"
charge-exchange events from more complicated backgrounds, e.g., charge-exchange with pion production. 
